The efficiency of power transformers should be always taken in account when design and operation conditions parameters are chosen. In high temperature superconducting transformers (HTS transformers), normally cooled by liquid nitrogen at 77 K, cores are usually kept at room temperature in order to minimize total magnetic losses, losing the possibility to use the cooling liquid to minimize electric risks and to cool the core, and increasing the complexity of the cryostats that, in these cases, must only embrace the superconducting windings. This work try to evaluate the magnetic core losses increasing at 77 K, for different magnetic materials, and the possibility of reducing these losses under some specific manipulation of magnetic materials. For this purpose, several low temperature measurements are presented to characterize the magnetic behavior of four electrical steels usually used in transformer cores. The chosen magnetic materials are three crystalline materials, two grain-oriented and one non oriented steels, and an amorphous electrical steel. The most significant results show that grain oriented steels have lower losses increasing at cryogenic temperature, comparing with the other two magnetic materials, and that above a certain value of magnetic induction, B, total magnetic losses at 77 K became smaller than room temperature losses. Results interpretation is presented and some suggestions are made concerning production of magnetic materials for applications at 77 K.
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The set of very tough requirements have been formulated for TF jacket materials with extremely high plasticity at liquid helium temperature. The stainless steel 316LN-IG is recommended to be used for TF jacket tubes. The samples of 316LN-IG tubes produced by three different Manufacturers have been tested in different conditions -virgin tubes and tubes after the prescribed low deformation and annealing at 650 o C 200 h. The testing has been done at room temperature and at cryogenic temperatures. The ASME and ASTM methods of testing were used. The details of low temperature equipment used for testing are given. Some differences in mechanical properties of the tubes produced by different suppliers have been revealed and analyzed. The data on the subsize samples and full sized samples have been compared. The formation of the ferrite inclusions have been shown at the areas of welding in all investigated samples. MP35N is a high-strength Nickel-Cobalt base alloy that has numerous applications at both room and elevated temperatures due to its ultra high strength, high modulus and outstanding corrosion resistance. The National High Magnetic Field Laboratory (NHMFL) further explored the use of MP35N in cryogenic temperature applications. Currently, the material has a practical application as a structural reinforcement component for high field pulsed magnets at 77 K. This paper reports the tensile properties of cold-rolled and aged MP35N at both room and liquid nitrogen temperatures. Optimized fabrication methods developed by the NHMFL and H.C. Starck have improved the material's 77 K properties with ultimate tensile strengths exceeding 2500 MPa and a Young's modulus higher than 200 GPa. Closer examination of the stress-strain curve reveals that the materials exhibit internal stress which is attributed to the development of nanoplatelets during the fabrication process. The NHMFL is also pursuing the application of MP35N below temperatures of 77 K. Therefore, this paper discusses the potential of age-hardened MP35N to be used as either reinforcement or substrates for high temperature superconducting (HTS) magnets.
Mechanical Properties of Cold-Rolled and Aged MP35N Alloys for Cryogenic Magnet Applications

Effect of cryogenic treatment on thermal conductivity properties of copper
D.S.Nadig
Centre for Cryogenic Technology, Indian Institute of Science, Bangalore, 560012, India Copper is well known for its high thermal conductivity properties and hence it is extensively used in many cryogenic applications like cold fingers, heat exchangers, etc. During the development of such components, copper undergoes various machining operations from the raw material stage to the shape of the final product to serve for the intended purpose. During the machining process, stresses are induced within the metal, resulting in internal stresses and strains. These strains distort the atomic structure and result in build up of resistance path for heat carriers which transfer thermal energy from one location to the other. The induced resistance for the heat carriers results in reduction of thermal conductivity of the conducting metal and as a result the developed component will not perform as per expectations. Cryogenic treatment is a popularly employed technique where the metal samples are gradually cooled to cryogenic temperature (around 100K), soaked for extended duration of time ranging between 16-24 hours and warmed to room temperature slowly. During this process, the internal stresses and strains are reduced and dislocations are minimized with refinement of the atomic structure. These combined effects improve the path for heat carriers and hence enhancement in thermal conductivity properties. In this experimental work, effects of cryogenic treatment and tempering on the electrolyte grade copper are studied and discussed.
Magnetoresistance of 5N, 6N and 6N8 High Purity Aluminum For the electrical insulation of superconducting magnets or magnet components different insulation materials are used that ensure mechanical stability and good electrical insulation properties at low temperatures. Especially glass-fiber-reinforced or sand-filled epoxies are typical material composites that can be used at temperatures down to 4.2 K.
For current lead construction within fusion technology, an optimized filled epoxy with respect to mechanical shear strength had to be identified. Therefore different steel/epoxy compositions where examined using the standardized three point bending method. The test specimens were formed putting five layers of glass-fiber lubricated with epoxy between two 1.4429 steel frames. The epoxy facing surface of the steel was blasted with glass or corundum. A systematic investigation was performed using different epoxies to get an optimized mechanical performance. The results will be discussed together with data from a sand-filled epoxy compound. For the latter compound beside the mechanical properties thermal conductivity and expansion is given in addition. A superconducting magnet has been used for the high energy particle physics experiments with accelerators, secondary particle beamline and so on. It is recently being required on superconducting magnets to operate in quite severe radiation environment for the accelerator upgrade and the nextgeneration muon experiments, such as the LHC upgrade project and the COMET experiment at J-PARC . Expected neutron fluence on the superconducting coils in the experiment reaches 10 21 n/m 2 or higher, therefore the magnet should be designed taking into account the irradiation effects. The irradiation test for superconducting magnet materials has been carried out using reactor neutrons at Kyoto Univ. Research Reactor Institute. As a first step of the experiment, aluminum alloy stabilizers for superconducting cable was exposed to neutrons at low-temperature around 20 K and the resistance has been measured in situ during neutron exposure. The preliminary data and the prospects will be reported. Powder-in-Tube (PIT) Nb 3 Sn conductors have been fabricated with a low-cost intermetallic Cu 5 Sn 4 powder as the tin source. PIT conductor designs with 120 and 840 octagonal subelements have been fabricated that incorporate dispersion strengthened copper. In this work, we present the superconducting properties and mechanical properties of the both octagonal PIT designs as a function of subelement diameter and heat treatment conditions. 
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The residual resistance ratio (RRR) of NbTi strand for ITER poloidal field (PF) coils, has been investigated both during a bare strand processing and after the following chemical cleaning and Ni plating, with the aim to guarantee the required value of RRR > 100 in a final Ni-plated 0.73 mm in dia NbTi strand.
The dependence of RRR in ITER PF NbTi strands on a deformation ranged up to 20% has been established. The significant RRR values reduction to less than 100 has been found after the rather small (0.6%) deformation with the following tendency to saturation. The heat treatment regimes for RRR recovering have been optimized. The RRR reduction in a final strand has been revealed after chemical cleaning and Ni plating in comparison with that in annealed bare strands arrived at Ni plating. As for the effect of Ni plating, the presence of Ni coating with 2 μm thickness could not significantly influence on the conductivity of the stabilizing copper due to the absence of any heat treatment after Ni plating. The decrease of RRR observed for the Ni plated strands is associated with the bending deformation applied by the guiding rolls in the processing of the strands through Ni plating bath. The influence of bending deformation on strands RRR values has been calculated in accordance with the algorithm IEC 61788-4. The correlation between RRR's of virgin strand and Ni plated strand has been also established. It was shown on statistical database that the RRR values larger than 130 measured in the virgin (non Ni plated) strands guaranty the attainment of the RRR larger than 100 in Ni plated strands. Artificial ferromagnetic pinning centers in Nb 0.36 Ti 0.64 can attain more than double the critical current density, J c , values at around 2 tesla compared to conventionally processed niobium-titanium composites. In this paper, we discuss design and performance characteristics for low applied magnetic field utilizing a three step fabrication process. For multifilamentary Bi2Sr2CaCu2Ox (Bi2212) round wires, cross-sectional SEM and multiangle SEM on extracted single filaments show that its microstructure is complicated. Specifically, after heat treatment the cross-section is dominated by interfilamentary bridges and the Bi2212/Ag interfaces are irregular and jagged. A fundamental question arises regarding how this unique microstructure affects the transport and electromechanical behavior. To address this question theoretically, two approaches are being developed that depend upon the SEM images as input. In one model, fractal characterization is used to evaluate the rough interfaces and determine the mechanical and electromechanical behavior of the multifilamentary wire at a microscopic level. In the other approach, two-point probability functions are applied to the overall wire cross-section to evaluate the in-plane conductivity, and subsequently in threedimensions by using serially-sectioned SEM images. By developing multi-scale models of transport in Bi2212, a deeper understanding of transport in a three-dimensional heterogeneous media evolves.
Modeling of the electrical and mechanical behaviors of
In this work, a strand design for Bi-2212 conductors which had a single stack approach with randomly oriented but densely packed two-dimensional Bi-2212 filaments, was studied. This Bi-2212 TwoDimensional Random-Oriented Single-Stack (2D-ROSS) Round Wire design had high levels of grain texture and significant amounts of Ag-superconducting interface within the filaments, and maintained a high strand fill factor. Previous studies had shown that the 2D-ROSS design had higher J e values than similarly manufactured double stack designs. In the present work, lower C starting powders allowed higher J c optimizations. Heat treatments were performed under 100% flowing oxygen, and the samples were melt processed in the 888 -900°C range. 
